Abstract. Paleomagnetic samples were collected from 98 sedimentary horizons in eight different Devonian to Permian sedimentary units at eight localities in the Eastern Cordillera and the subAndean Belt of Bolivia. For 77 sites, thermal demagnetization allowed determination of a characteristic magnetization (ChRM) with site-mean 95% confidence limit, <XcJ5,::::;; 15°. The ChRM is carried predominantly or entirely by hematite. Fold and reversal tests from two of the s~mpled localities indicate that the characteristic magnetization is synfolding, likely acquired dunng the earliest stages of deformation. Additionally, a modified conglomerate test at one locality and the nearly uniform direction of ChRM across the Devonian to Permian age un~ts c~early rev~als the secondary nature of the characteristic magnetization. Finally, the ChRM directions are d1s~ord~nt from any expected Paleozoic directions. Paleomagnetic poles calculated from th~ ChRM ?Irectmns fall near the Cenozoic portion of the apparent polar wander path for South Amenca .. We mterpr~t these observations to indicate widespread chemical remagnetization of these Paleozmc strata dunng, but prior to completion of, Cenozoic Andean folding.
Introduction
Paleozoic paleogeographers generally accept that the southern continents (South America, Africa, India, Antarctica, and Australia) were united as the supercontinent Gondwana between Late Cambrian and Late Triassic times. However, two contrasting interpretations of the Gondwana apparent polar wander (APW) path have yet to be resolved [Van der Voo, 1988; Briden, 1992] . Because paleomagnetic data from Australia [Hurley and Van der Voo, 1987] and Africa [Hargraves et al., 1987] dominate the discussion, we attempted to determine Paleozoic paleomagnetic poles for Gondwana through paleomagnetic study of South America. Samples were taken from Paleozoic red sedimentary strata across the Eastern Cordillera and sub-Andean Belt of Bolivia. Acquisition of a large paleomagnetic data set from this region, however, forced us to the conclusion that the sampled strata have been affected by widespread chemical remagnetization probably during or just preceding Cenozoic folding.
The results of this study are of significance to paleomagnetic analyses undertaken elsewhere. We report here welldetermined site-mean characteristic directions of natural remanent magnetism (NRM) from some Paleozoic red sedimentary rocks which have been interpreted previously to possess a primary magnetization [Ernesto et al., 1988] . Through comparison of paleomagnetic data from widely distributed collecting locations, application of a modified conglomerate test, and observation of consistent characteristic directions throughout a Devonian through Permian age section, the remagnetization Copyright 1998 by the American Geophysical Union.
Paper number 981802848. 0148-0227/98/98JB-02848$09.00 of these rocks can be documented. Less thorough paleomagnetic study could lead to the erroneous conclusion that a primary Paleozoic NRM has been retained by these strata in the Eastern Cordillera and sub-Andean Belt of Bolivia.
Tectonic and Geologic Setting
Sedimentation in Bolivia was almost exclusively marine from the Late Cambrian through the Permian, and predominantly continental in the Mesozoic and Cenozoic [Sempere, 1995] . Extensional deformation of western South America began in the early Mesozoic. Relatively little compressional tectonic activity occurred before Andean-related shortening began along the Pacific margin -89 Ma. Beginning in the Late Cretaceous, a varying compressional regime along this margin resulted in the development of a number of foreland basins, as is evidenced by typical foreland successions in the Andes. Overall, the development of an external foreland basin controlled by nearby easterly propagating deformation, beginning as early as the Paleogene, is a major feature of the Cenozoic evolution of the Andes [Sempere et al., 1997] . This deformation continues today, with an active foreland basin existing east of the Andes.
The formation of the Bolivian orocline has been an active focus of research for the past decade and modifies the record of simple compressional deformation in South America [e.g. Roperch and Cartier, 1992; Butler et al., 1995; Randall et al., 1996] . Crustal scale block rotations, counterclockwise to the north and clockwise to the south, have been documented in Bolivia, Chile, and Peru [Randall et al., 1996] . Rotations documented through paleomagnetic study of Upper Cretaceous to Tertiary strata have been observed in the region (Figure 1 ). Documented rotations within the study area range in magnitude from 5° to 65° [Butler et al., 1995] . units are preferable for paleomagnetic analysis) and red to purple pigmentation. A general description of the depositional and lithologic nature of sampled units is provided here. Descriptions of "local" lithologies refer to the nature of the formation at the sampling locality. Figure 2 illustrates formation names, ages, and lithologic correlations for the Eastern Cordillera and sub-Andean Belt.
Vilavila Formation
The Lower Devonian (Lochkovian) Vilavila and Santa Rosa formations were deposited in fluvial to shallow marine enviArgentina 62°W 20•s ronments. The Vilavila Formation has been mapped over a much smaller area than the Santa Rosa, namely, west and northeast of Oruro, and consists of mainly red, cross-bedded to massive, coarse to fine sandstones intercalated with red siltstones and mudstones. The Santa Rosa Formation consists of similar sedimentary facies but does not show red pigmentation. Slumped beds occurring in both the Vilavila and Santa Rosa, in the study area and elsewhere, are indicative of syndepositional tectonic activity [Sempere, 1995] . which vertical axis rotations have been documented in and near the study area. Stippled area, Eastern Cordillera; lined area, sub-Andean Belt. Black squares are site localities for this study. PO, Pongo; IH, Inca Huasf; SW, Samaipata West; SE, Samaipata East; AL, Alarache; NZ, Narvaez; AT, Abra Tapecua; VM, Villamontes. Refer to Table 1 for a list of the formations sampled at each of these localities. Gray circles are localities from which paleomagnetic data are available to constrain vertical axis rotations [Randall et al., 1996; Hartley et al., 1992; Butler et al., 1995] . Abbreviations are qh, Quebrada Honda; sl, Salla; pag, Paciencia Group; psg, Purilactis Group; ta, Tiupampa; Ju, Laguna Umayo; Ip, La Palca; qu, Quehua; ce, Cerdas.
Eight stratigraphic units ranging in age from Early Devonian to Early Triassic were sampled for this project. Precise site localities and unit ages are listed in Table I . Although the sampled strata were primarily red beds, the depositional histories of these units are distinct, with depositional environments ranging from fluvial to glacio-marine. Site locations were selected on the basis of grain size (fine-grained
Mississippian Units
We sampled the Mississippian Itacua, Tupambi, Taiguati, Escarpment and San Telmo formations within the central and southern sub-Andean Belt of Bolivia. These stratigraphic units were deposited in a glacio-marine environment while the region was in a period of tectonic instability [Sempere, 1995] . The uppermost Famennian to lower Mississippian Itacua Formation consists of predominantly coarse, moderately-well lithified red sandstones with a few interbeds of poorly lithified fine sandstone to mudstone. Regardless of grain size, sandstones from the Itacua commonly have a red muddy matrix. The Itacua is approximately 50 m thick in the section sampled at Villamontes.
The lower Mississippian Tupambi Formation consists of coarse to fine sandstones, commonly conglomeratic, deposited in cross-bedded to massive channels and alternating with subordinate and thinner red fine sandstone to siltstone beds. The sandstones are porous and permeable and are known to form hydrocarbon reservoirs in the sub-Andean Belt [Sempere, 1995] . At Villamontes, the Tupambi Formation is about 350 m thick. The surfaces of many sandstone beds in the Tupambi Formation contain abundant visible hematitic zones. These zones are probably due to alteration of this unit caused by fluids circulating through the sandstones. The middle Mississippian Taiguati Formation consists of generally reddish sandy to muddy sediment derived predominately from underlying formations. At Villamontes, this unit is approximately JOO m thick and appears mostly as a series of well-cemented bluish-gray mudstones.
The Escarpment and San Telmo formations are now considered to be Late Mississippian [Sempere, 1995] . The Escarpment Formation consists of thickly bedded, commonly conglomeratic, massive to cross-bedded sandstones that were deposited as debris flows, grain flows, turbidites, and slumps. The San Telmo Formation consists of generally thinner and finer sandstones alternating with red siltstones to mudstones.
Water escape structures are commonly observed in the sandstones of the lower and middle parts of the unit, which also frequently display turbidite fades. Sandstones in the upper part of the unit were deposited in shallower environments with fluvial fades present at Villamontes. Because of the good porosity and permeability of these sandstones, both the Escarpment and San Telmo formations serve as important hydrocarbon reservoirs in the sub-Andean Belt. At Villamontes, some beds of the San Telmo Formation contain hematitic spots similar to those observed in the Tupambi Formation.
Vitiacua Formation
The Upper Permian-Lower Triassic Vitiacua Formation was deposited in a mainly restricted-marine basin. The limy mud- stones of the lower Vitiacua Formation mark a major transgression which affected much of Gondwana [Sempere et al., 1992] . The upper Vitiacua Formation consists predominantly of cherty dolomitic carbonate. At Villamontes this unit is a very thinly bedded to laminated succession of dominantly pink siliceous carbonate, including gray, blue, and white cherts and interbedded with red fine-grained siliceous layers. Sampling was concentrated within the pink to red layers or encompassed entire red laminations within the lighter cherty beds. Red siliceous concretions present within the upper part of the section were also sampled.
Ipaguazu Formation
The Triassic Ipaguazu Formation is recognized mainly in the southern sub-Andean Belt, where it can be observed up to 400 m thick in places. It consists of red-brown mudstones, siltstones, and fine to medium-grained sandstones, with thick evaporites locally. These facies were deposited in alluvial to playa-lake environments. The sampled strata occur in a relatively thick succession of alternating thickly bedded muddy sandstones and finely bedded to laminated mudstones.
Paleomagnetism

Procedures and Rock Magnetic Analyses
Paleomagnetic samples were obtained from Devonian and Late Paleozoic strata at eight localities within the Eastern Cordillera and sub-Andean regions of Bolivia ( Figure I and Table 1 ). Using standard paleomagnetic coring methods, oriented samples were collected from a total of 98 sedimentary beds (= paleomagnetic site with generally eight samples per site) within eight geologic units. Samples were oriented using both magnetic compass and solar compass. No significant deviations were noted between these orientation methods. An additional 14 samples were taken from slumped blocks at one particular level of the Vilavila Formation. The preservation of recognizable bedding in these slump blocks allowed us to use these samples in a modified conglomerate test.
Following sample preparation, all specimens were stored and analyzed in a magnetically shielded room with background field intensity ~ 200 nT. NRM was measured with a three-axis cryogenic magnetometer (2G model 755R). Thermal demagnetizations at 14 to 18 steps up to 680°C were accomplished using furnaces with magnetic field intensity less than IO nT in the sample region. Results of thermal demagnetization were analyzed by principal component analysis [Kirschvink, 1980] , and site-mean directions were determined using the statistical methods of Fisher [ 1953] .
Analyses of coercivity spectra of 11 representative samples were performed using the methods of Dunlop [1972] and Lowrie [ 1990] . Representative results of isothermal remanent magnetism (IRM) analyses are illustrated in Figure 3 . The majority of the samples showed IRM acquisition and thermal demagnetization behaviors similar to those illustrated in Figure 3 . For all coercivity fractions, IRM unblocking temperatures are concentrated between 600°C and 680°C, indicating that hematite is the dominant or exclusive ferromagnetic mineral. Ten thin section analyses confirm the presence of hematite in all of the sampled units.
Paleomagnetic Results
Results of progressive thermal demagnetization of NRM were observed to be highly variable between formations and between localities. The Tupambi and San Telmo formations at Villamontes typically exhibited univectorial behavior with unusually linear decay of vector end points to the origin of vector component diagrams (Figure 4a ). Maximum angular deviation (MAD) of line fits to these demagnetization data showed very small values often less than I 0 [Kirschvink, 1980] . More typically, MAD values for line fits to the thermal demagnetization data were ~ 5° (Figure 4b) . Rarely, thermal demagnetization yielded erratic behavior from which a characteristic magnetization (ChRM) could only be extracted by fitting lines to results from the highest three or four temperature steps ( Figure  4c ). These line fits resulted in larger MAD values, ranging from 10" to 15". Specimens exhibiting MAD greater than 15" were removed from further analysis. Finally, specimens from the Vitiacua Formation at Villamontes invariably produced very erratic behavior upon thermal demagnetization. No ChRM directions could be confidently identified from this formation and, accordingly, sites from the Vitiacua Formation collected at Villamontes were dropped from further consideration.
Two criteria were used to reject sites with poorly determined site-mean ChRM directions. Sites with fewer than four single polarity specimens yielding ChRM directions with MAD ~ 15" were rejected; sites with site-mean 95% confidence limit, a 95 , greater than 15" were rejected. Seventy-four site-mean ChRM directions pass these criteria and are listed in Table 2 . For all but seven of the accepted sites, six or more sample ChRM directions were available for calculating the site-mean direction. Examples of within-site clustering of ChRM directions and ChRM site-mean directions are shown in Figure 5 . Some sites yielded unusually well grouped ChRM directions with correspondingly small confidence limits (Figure 5a ). Typical sites had site-mean ChRM directions with a 95 between 5° and 10" (Figure 5b ). Amongst the sites passing the selection criteria, the largest site-mean a 95 was 12" (Figure 5c ).
Of the 74 accepted site-mean ChRM directions, only 11 contain normal polarity directions; seven of these sites are from Pongo, two are from Samaipata West, and two are from Villamontes. Site TG008 from Samaipata West contains dualpolarity magnetization with normal and reversed polarity ChRM directions preserved in each of four samples (Table 2) . Mean directions of ChRM from the polarity subsets of samples from these two sites are sufficiently well determined to warrant treating each polarity subset as a site-mean ChRM direction in subsequent analyses.
Field Tests
Systematic examinations of field tests for paleomagnetic stability were fundamental to documenting the secondary nature of the characteristic magnetizations. Particularly critical was application of the conglomerate and fold tests [Graham, 1949] using the statistical methods of Watson [1956] , Watson and Irving [1957] , and McFadden [1990] . Plunge corrections were not required for localities where field tests were applied because folds in the study area extend tens to hundreds of kilometers along strike. Results of the modified conglomerate test applied to the sedimentary layer containing laminated slump blocks within the Early Devonian Vilavila Formation are shown in Figure 6 . Fourteen samples from slumped blocks containing recognizable internal bedding yielded ChRM directions. These ChRM directions are tightly grouped in geographic coordinates but disperse upon restoring bedding within each slump block to horizontal. This dispersion of ChRM directions is statistically significant at the 99.9% confidence level and constitutes a negative conglomerate test [Watson, 1956] . Because we are unable to determine the extent of vertical axis rotations of these slump blocks, an inclination-only test of dispersion is quantitatively more meaningful than this modified conglomerate test. Accordingly, an inclination-only test, as developed by McFadden and Reid [1982] , was applied. Application of bedding tilt corrections to the 14 slump block ChRM directions results in a decline in inclination grouping, with a decrease in the estimate of Fisher's precision parameter k from 36.0 in situ to 4.4 after tilt correction. Clearly, the ChRM was acquired after slumping of a laminated and fairly lithified sediment and is therefore a secondary magnetization. Additionally, the in situ directions observed in the slumped blocks are very similar to the normal polarity Vilavila Formation average (Figure 7) . Finally, the ChRM directions in geographic coordinates are in directions expected for a Cenozoic magnetization and are unlike those expected for a Devonian magnetization. Local folding of the Vilavila Formation at the Pongo locality allowed application of the fold test to results from this location. Results of progressive unfolding applied to sitemean ChRM directions are illustrated in Figure 7 . A minimum fold test statistic (SCOS) and a maximum k were observed for 80% unfolding, with unfolding values from -65% to just less than 90% yielding statistically indistinguishable SCOS values [McFadden, 1990] . The SCOS value for 100% unfolding falls well above the 95% confidence limit, indicating that the ChRM directions were not acquired when the strata were horizontal or even uniformly tilted. Instead, the ChRM appears to be a synfolding magnetization as observed for many Paleozoic formations of eastern North America [Scotese et al., 1983; McCabe and Elmore, 1989] . Apparently the Vilavila Formation acquired its characteristic magnetization at -80% unfolding when -20% of the currently observed folding had occurred. These fold test results confirm the secondary nature of the ChRM and further suggest that the Vilavila Formation acquired its characteristic magnetization early in the development of folding. Because this folding regionally affects Paleogene strata, this magnetization is certainly of Cenozoic age.
Analysis of progressive unfolding applied to site-mean ChRM directions from the Villamontes and Narvaez localities are illustrated in Figure 8 . Because of the proximity of these localities, a remagnetization of these strata would likely have been roughly coeval. Minimum SCOS was observed at 80% unfolding, with unfolding values from -65% and -95%, yielding statistically indistinguishable SCOS values [McFadden, 1990] . However, the SCOS value for 100% unfolding falls above the 95% confidence limit. These results clearly indicate a secondary origin for the ChRM and suggest that the Mississippian strata in the Villamontes and Narvaez area also acquired their characteristic magnetization during early stages of folding.
The ChRM directions at 80% unfolding from the Early Devonian Vilavila Formation in the Eastern Cordillera at Pongo and the Mississippian strata at Villamontes and Narvaez are in close agreement (Figures 7 and 8 ). This observation suggests that the synfolding remagnetization is roughly similar in age across the Eastern Cordillera and southern sub-Andean Belt of Bolivia (Figure 1 ). As can be seen in Figure 1 , the Villamontes and Pongo localities are the southeastern-and northwestern-most sampling localities, respectively. Although field tests cannot be applied to ChRM directions for the intervening localities, the relationship between deformation and remanence acquisition evidenced at the southeastern-and northwestern-most localities suggests that all or most of the magnetizations were acquired during the initial stages of deformation. Accordingly, all directions have been unfolded to 80% (Table 2) . Because the magnetization is believed to be acquired contemporaneously across formations in any given locality, location means were calculated by averaging the directions from all of the sites within that locality. The local- Site, site number; strike and dip, measured using the right-hand rule; N, number of samples from the site used for determinations of site-mean directions; J, geometric mean of the intensity of the characteristic component of the magnetization; a 95 , 95% confidence limit for the mean direction computed from Fisher [1953] statistics; k, best estimate of Fisher's precision parameter; 1 and D, inclination and declination of the site-mean direction; Lat and Long, latitude and longitude of the virtual geomagnetic pole calculated from the site-mean direction. Results are listed in both geographic and 80% unfolding coordinates.
ity mean directions were then used to calculate locality mean paleopoles (Table 3) .
Previous Results
Two paleomagnetic studies have been conducted on some of the same rock units and in similar localities as studied in the current project. Creer [1970] measured an NRM from the Taiguati Formation near the town of Samaipata, which is located between our two Samaipata sampling localities. This magnetization was interpreted as primary, although it is nearly concordant with Tertiary field directions. Ernesto et al. [1988] studied a series of Carboniferous sections across the subAndean Belt, including one section near Villamontes. They concluded that these rocks carry a primary Carboniferous magnetization on the basis of both agreement with the Creer [ 1970] pole and increased clustering upon tectonic correction. We applied the McFadden [1990] fold test to the data acquired by Ernesto et al. [ 1988] and found no statistically significant changes in SCOS values at any degree of unfolding. Additionally, their "Carboniferous" pole falls close to the Tertiary APW path for South America, supporting our belief that these data are representative of Tertiary, not Carboniferous directions.
Discussion
The paleomagnetic analyses detailed above indicate that all Paleozoic strata sampled in this study have been remagnetized, probably during early stages of Andean deformation. Our sampling localities cover large areas of the exposed mid-Paleozoic strata of Bolivia (Figure 1) , and we find no evidence that primary magnetizations have been retained by these rocks. Instead, detailed application of field tests for paleomagnetic stability document the secondary origin of the characteristic magnetization. In other regions, such as the Appalachians of North America, where remagnetizations have been documented [McCabe and Elmore, 1989; Stamatakos et al., 1996] , analyses of paleomagnetic pole positions determined from remagnetized rocks have been used to determine an age of remagnetization. For several reasons, age assignment for the remagnetization of Paleozoic strata in Bolivia is possible with only limited precision. McFadden, 1990] . Solid circles are normal polarity site means reflected through the origin. Solid squares are reverse polarity site means. Squares are location mean directions. Ovals of 95% confidence are plotted about the location means.
Factors limiting the precision with which the characteristic directions can be used to infer age of remagnetization and tectonic disturbance subsequent to remagnetization include the following: ( 1) The major variation in bedding attitudes within the Pongo sampling area allows the percent of folding at remagnetization to be fairly tightly constrained to 20% folding (Figure 7) . However, the major sampled stratigraphic sequence at Villamontes is nearly homoclinal and that section has only a modest contrast of bedding attitude with other sampling localities in that region. Accordingly, assignment of percent folding at the time of remagnetization of Paleozoic strata at Yillamontes Jacks precision (Figure 8) . (2) The magnitude of APW as viewed from South America is modest during Mesozoic and Cenozoic time [Irving and Irving, 1982; Besse and Courtillot, 1991] . Therefore only very low resolution is possible when inferring ages of magnetization by matching observed paleomagnetic poles with the South American APW path. (3) Cenozoic Andean deformation has involved tectonic vertical ax.is rotations which affected large regions of the Andes. Paleomagnetic studies have begun to reveal the timing, magnitudes, and spatial ex.tent of these rotations [Roperch and Cartier, 1992; Butler et al., 1995; Randall et al., 1996] . However those patterns are not simple, and vertical ax.is rotations in some areas, most notably the sub-Andean Belt, remain to be determined.
While accepting the restrictions and uncertainties outlined above, we believe basic inferences about age and mode of remagnetization of Paleozoic strata in the Eastern Cordillera and sub-Andean Belt of Bolivia can be drawn from our paleomagnetic results when coupled with geologic observations. From two lines of evidence there seems little doubt that the observed remagnetization is Cenozoic. First, the synfolding Fisher's precision parameter, respectively [McFadden, 1990] . Site mean directions are shown by circles for Yillamontes and squares for Narvaez. Gray-filled symbols are normal polarity site means reflected through the origin. Solid symbols are reverse polarity site means. Gray symbols are formation means for both localities. Ovals of 95% confidence are plotted about the location means. Sites, total number of sites used in the calculations; 11<)5 and A95· 95% confidence limit for the mean direction and the mean pole computed from Fisher [ 1953] statistics; k, best estimate of Fisher's precision parameter; I and D, inclination and declination of the site-mean direction; Lat and Long, latitude and longitude of the virtual geomagnetic pole calculated from the site-mean direction. Results are listed in both geographic and 80% unfolding coordinates.
nature of the remagnetization connects the timing of remagnetization with that of fold and thrust belt development in the Andes. Major phases of fold and thrust belt development began during late Oligocene in the Eastern Cordillera and continued into the Pliocene or Quaternary in the sub-Andean Belt [Sempere et al., 1990; Baby et al., 1994] . Second, the paleomagnetic pole positions determined from the characteristic paleomagnetic directions at 20% folding generally agree with the Cenozoic APW path for South America. Figure 9 illustrates the Cenozoic APW path for South America, as well as expected Late Devonian and Late Carboniferous poles. Only two paleomagnetic poles determined from our data set, Villamontes (VM) and Pongo (PG), have small enough confidence limits to rigorously compare with the South American APW path (Figure 9 ). Both of these poles, as well as the virtual geomagnetic poles (VGP) from other areas, fall well away from expected Paleozoic poles (Table 3 and Figure 9 ). The paleomagnetic pole from Villamontes falls on the 60-70 Ma portion of the APW path while the pole from Pongo is nearest the 10 Ma portion of the path. The discordance of the Pongo pole suggests a small amount of rotation at this locality, but again we are reluctant to be more quantitative based upon this data set alone.
Along with the above arguments for a Cenozoic age of remagnetization of Paleozoic strata in Bolivia, it is also important to point out what we believe should not be inferred from our observations. A general age assignment of remagnetization to Cenozoic time is reasonably clear. However, attempts to resolve age differences in remagnetization between the sampled areas and perhaps infer details of fluid migration are beyond the resolution of the available data. Uncertainties in the percent unfolding at the time of remagnetization and possible vertical axis rotations simply prevent any meaningful inferences beyond our first-order conclusion that the remagnetization occurred during the Cenozoic. Given the sparse current knowledge of vertical axis rotations in the Andes coupled with structural and age uncertainties for the remagnetization directions reported here, it would be stepping well beyond the available data to use the observed paleomagnetic directions to infer magnitude or even sense of vertical axis rotations subsequent to remagnetization.
Drawing upon paleomagnetic, rock magnetic, structural geologic, and geochemical studies of the remagnetization which affected the Appalachian region of North America during the late Paleozoic time, we conclude with speculations on the process of remagnetization of the Paleozoic strata of Bolivia.
In North America, fluids propagating from the fold and thrust belt of the Appalachian Orogeny remagnetized siliciclastic and carbonate rocks across the orogen and onto the craton [McCabe and Elmore, 1989] . Orogenic fluid migration, including water and hydrocarbons, in the Appalachians may have Figure 9 . Hatched circles are 95% confidence limits (A 95 ) for locality mean paleopoles from Villamontes (VM) and Pongo (PG) localities. Open circles are the A 95 for the Late Carboniferous (LC [Irving and Irving, 1982] ; -9.2°N, 21.0"E, A95 = 5.0°) and Late Devonian (LD [Hurley and Van der Voo, 1987] ; -13.9°N, 339.8E, A 95 = 8.0°) poles. Stippled circles are the A 95 for the poles which make up the Late CretaceousTertiary Apparent Polar Wander (APW) path [Butler et al., 1995; Roperch and Cartier, 1992; Raposo and Ernesto, 1995 [Irving and Irving, 1982] . been driven by either a "squeegee" effect of the developing thrust belt [Oliver, 1986] or in response to a gravitationally driven hydraulic gradient [Garven and Freeze, 1984; Lawrence and Cornford, 1995] . The synfolding remagnetization of Paleozoic strata over large areas of Bolivia during Andean deformation could have followed a similar sequence of processes. All Paleozoic strata sampled in this study were at some time buried below the active Andean foreland basin as evidenced by geologic relationships and hydrocarbon accumulations present in some units. Progressive west to east propagation of the fold and thrust front from a late Oligocene position in the Eastern Cordillera to its present location within and east of the sub-Andean Belt drove fluid migration with attendant chemical remagnetization. The suggestion from the paleomagnetic data that remagnetization occurred when the beds were only 20% deformed is explained by a ChRM which remained stable during subsequent fold and thrust deformation. This stability is likely if orogenic fluid composition did not change dramatically during subsequent deformation [Lawrence and Cornford, 1995] .
Conclusions
The paleomagnetic data presented here indicate that Paleozoic units across the Eastern Cordilleran and sub-Andean Belt of Bolivia have been remagnetized during Cenozoic deformation. The lack of preservation of original magnetizations and the pervasive remagnetization documented here suggest that primary Paleozoic magnetizations are probably not preserved in sedimentary strata in this region. Future attempts to obtain primary paleomagnetic directions from Paleozoic rocks of the Andes should focus on less deformed regions, perhaps in the forebulge region of the active foreland basin. Finally, the documentation of this remagnetization reaffirms the critical importance of multiple field tests of paleomagnetic stability when applying paleomagnetic methods to rocks in orogenic zones.
